Abstract In the course of survey of endophytic fungi from Bangladesh pumpkin seeds in 2011~2012, two strains (CNU111042 and CNU111043) with similar colony characteristics were isolated and characterized by their morphology and by molecular phylogenetic analysis of the internal transcribed spacer, glyceraldehydes-3-phosphate dehydrogenase (gpd), and Alternaria allergen a1 (Alt a1) sequences. Phylogenetic analysis of all three sequences and their combined dataset revealed that the fungus formed a subclade within the A. alternata clade, matching A. burnsii and showing differences with its other closely related Alternaria species, such as A. longipes, A. tomato, and A. tomaticola. Long ellipsoid, obclavate or ovoid beakless conidia, shorter and thinner conidial size (16~60 [90] × 6.5~14 [~16] µm) distinguish this fungus from other related species. These isolates showed more transverse septation (2~11) and less longitudinal septation (0~3) than did other related species. Moreover, the isolate did not produce any diffusible pigment on media. Therefore, our results reveal that the newly recorded fungus from a new host, Cucurbita maxima, is Alternaria burnsii Uppal, Patel & Kamat.
Mycobiology
Characterization and Pathogenicity of Alternaria burnsii from Seeds of Cucurbita maxima (Cucurbitaceae) in Bangladesh Pumpkin (Cucurbita maxima) is commonly grown cucurbit vegetable in Bangladesh. Cucurbits are affected by a number of pathogens, which cause major and minor diseases in seeds, seedlings, crops, and post-harvest diseases. The Department of Agriculture of Bangladesh recorded 14 different diseases caused by fungi, bacteria, and nematodes in various cucurbits in 2010 [1] . Amongst these, the most commonly fungal diseases were reported as powdery mildew (Oidium spp.), anthracnose (Colletotrichum spp.), wilting (Fusarium spp.) and seed rot (Fusarium spp.). In seeds, 4 major diseases were observed; anthracnose (Colletotrichum spp.), rooting (Rhizopus spp.), yellow mold (Fusarium spp.), and green mold (Penicillium spp.). There have not been any reports of Alternaria diseases in cucurbit seeds in Bangladesh.
Many Alternaria species cause diseases in a wide variety of plants of worldwide agricultural and economic importance during their growing stages or after harvest. The genus Alternaria Nees was originally described in 1816 with A. tenuis Nees as the type and only strains [2] . Since then, more than 1,100 names have been published in Alternaria, and Simmons [3] accepted nearly 300 species. While, some species are well known as destructive pathogens [3, 4] , but the great majority are either saprophytic or have been described as occurring on hosts of little economic importance [3, 5] . The seed-borne pathogens A. tagetica, A. zinniae, A. cosmosa, and A. patula are commonly found during seed health test of ornamental plants in the family of Compositae [6, 7] . A. alternata infection has become the most important postharvest disease of stored mango fruits [8, 9] . Most Alternaria species are saprophytes that are commonly found in soil or decaying plant tissues [10] . Many species are isolated from unusual substrates such as sewage or jet fuel [11] . Alternaria, particularly the small-spored species, have been isolated frequently during the surveys of endophytes in the xylem and stem tissues of plants, such as Pinus sylvestris and Fagus sylvatica [12] , in the leaves of some important medicinal plants [13] , in the shoots and leaves of Vitis vinifera [14] , and in the leaves, stems and roots of chili pepper at different growing stages [15] . The endophytic Alternaria may cause disease as a latent pathogen, or it may not.
The taxonomy of Alternaria has been based on morphological characteristics such as conidia dimension, color, and septa (longitudinal and transverse); wall ornamentation; beak type and size; conidiophore type, size, and septa; sporulation patterns (in chains or solitary; branched or unbranched); and cultural characteristics [3, [16] [17] [18] [19] . The color, size, and shape of conidia of most Alternaria species vary considerably depending on the substrates and culture conditions (light, temperature, and humidity) [3, 11, 20] . Molecular approaches have been used to distinguish Alternaria species, e.g., sequence analyses of different genes (internal transcribed spacer [ITS], glyceraldehyde-3-phosphate dehydrogenase [gpd] , Alternaria allergen a 1 [Alt a1], H3, EF-1α, β-tubulin, CHS, LSU, endoPG, mtSSU, ACT, CAL, and CHS) [21] [22] [23] [24] [25] [26] [27] . Therefore, the objectives of this study were (1) to isolate endophytic Alternaria from seeds of Bangladeshi pumpkins and (2) to identify the isolates based on their morphology and sequence analyses of multiple genes.
MATERIALS AND METHODS
Sampling. Pumpkin seed samples were collected from the Bangladesh Agricultural Research Institute (BARI), Bangladesh. The variety name of the seeds is BARI-Kumra 2. Bottle gourd seeds whose variety name is BARI-lau1 were also collected from BARI. Seeds were washed in running tap water to remove attached particles and sterilized by sequential immersion in 95% ethanol for 2 min followed by 1% sodium hypochlorite (NaOCl) solution for 5 min and then washed again with 95% ethanol for 30 sec to remove the NaOCl. Seed samples were then washed with sterile water 3 times to remove surface sterilizing agents. Samples were allowed to dry on a paper towel in a laminar air flow chamber. Seeds were placed horizontally on separate petri dishes containing potato dextrose agar (PDA; Difco, Franklin Lakes, NJ, USA) and rose bengal chloramphenicol agar (Difco) supplemented with the antibiotic streptomycin sulfate (0.4 mg/mL) to stop bacterial growth. After incubation at 25 o C for 5, 10, and 25 days, individual hyphal tips of the developing fungal colonies were collected and placed onto PDA media incubated for 5~10 days and checked for culture purity. Alternaria isolates that were assumed to be novel were screened, and one representative isolate from each Alternaria species was selected. Eventually, pure cultures of Alternaria were transferred to PDA slant tubes and 20% glycerol stock solution. All the isolates were assigned a strain number and deposited. Two Alternaria isolates (CNU111042 and CNU111043) with similar characteristics were selected for subsequent analysis.
Cultures of CNU111042 and CNU111043 were deposited in the Chungnam National University (CNU) Fungal Herbarium and in the Environmental Microbiology Laboratory Herbarium (as EML111042 and EML111043), Chonnam National University, Republic of Korea.
DNA extraction and sequence analysis. The fungal isolates of CNU111042 and CNU111043 were grown on PDA for 7 days. Genomic DNA was extracted by the method described by Paul et al. [28] . Three genes were used in this study for PCR amplification; the ITS region of the ribosomal DNA (rDNA) [29] ; the Alt a1 gene [22] , and gpd [30] . The amplification reaction for each gene was performed in a 50 μL reaction volume and carried out in a GeneAmp PCR System 2700 thermo cycler (Applied Biosystems, Foster City, CA, USA), using conditions described by Deng [27] . The Wizard PCR Prep Kit (Promega, Madison, WI, USA) was used for purification of successfully amplified PCR products. Sequencing of amplified DNA was performed with an ABI Prism 310 Genetic Analyzer (Applied Biosystems) using a BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) with the same primer used for PCR amplification.
Sequences obtained herein (Table 1 ) and other sequences retrieved from our prior study or from GenBank were initially aligned with the CLUSTAL X program [10] , edited in BioEdit v 7.0.1 and were finalized by manual adjustment. For the combined analysis, sequences for each gene were concatenated in a single nucleotide alignment. Maximum parsimony analysis was conducted using MEGA ver. 5.05 [31] . The robustness of the phylogram in the maximum likelihood analyses was evaluated by 1,000 bootstrap replications. The best tree obtained from this search was edited in MEGA ver. 5.05 [31] .
Morphology. The representative isolate CNU111042 (5 mm diameter of mycelial plug) was grown on PDA for 7 days at 25 o C in dark to determine their cultural characteristics. The fungus was grown on V8 juice agar and potato carrot media (PCA: potatoes 20 g, carrots 20 g, agar 15 g, and distilled water 1 L; dice potatoes and carrots were cooked for 1/2 hr, strain through cheesecloth and added agar to filtrate, then autoclaved at 121 o C for 15 min) for sporulation, according to methods described by Simmons [3] . Conidia were mounted in lactophenol for further measurement with an Olympus BX50 light microscope (Olympus, Tokyo, Japan) attached to an Artray Artcam 300MI digital camera (Artray Co. Ltd., Tokyo, Japan). The sporulation patterns of the conidia were observed, with micrographs collected simultaneously. The species description was based on the results of examination of random conidia.
Pathogenicity test. The CNU111042 and CNU111043 isolate was grown on PDA petriplate for 7 days at 25 o C.
After 7 days of culture, mycelia were scratched off from the petriplate and kept under near ultra violet radiation at 12 hr/12 hr light-dark condition for induction of sporulation. Spores were collected and counted with a haemocytometer. Conidial suspensions were prepared to a concentration of 1 × 10 5 conidia/mL. The surface sterilized seeds from pumpkin and bottle gourd (another cucurbit seeds) were sprayed with the concentrated conidial suspension. Sterilized water was used as a control. Seed infection, germination percentage, and seedling infection were checked after 5 (Fig. 1) . It is clear that the isolates from Bangladesh pumpkin seeds are similar from those previously described as A. burnsii. These isolates are considered as A. burnsii from new host Cucurbita maxima.
Morphology. Colonies were white to buffer in the obverse and buffer to ochreous in the reverse, and they were 65~6
7 mm diameter when grown on PDA after 7 days at 25 o C (Fig. 2A~D) . Colonies on V8 juice agar were blackishwhite on the obverse and in reverse, the inner part was blackish and the outer parts were brownish-white. Mycelium, superficial composed of branches; aerial hyphae observed when cultured on V8 juice agar.
Conidiophores were single, lateral from hyphae or terminal; straight or curved; smooth-walled with 1~10 septa; pale brown; usually with only one pigmented terminal conidiogenous site, sometimes with one additional lateral conidiogenous locus; sometimes slightly swollen at the apex; and 15~100 (~170) μm long, 2.5~4 (~4.5) μm wide (Figs. 2 and 3 ).
Conidia were in short or moderately long chains of 2~8 conidia normally, sometime more; occasionally (uncommonly) branched; normally 16~60 (~90) × 6.5~14 (~16) μm in size; ellipsoid, long ellipsoid, obclavate or ovoid with 2~11 transeverse septa and 2~3 (~4) longitudinal septa; beakless or with a subcylindric or cylindric secondary conidiophores (pseudorostrate) with 0~5 septa, being analogous to the beak with 4~60 μm long, 3~4.5 μm wide, which increased the conidia upto 90 μm; dilute tan to dark brown in color with some transepts in darker contrast; mostly smooth in the conidial wall, or occasionally verruculose.
Pathogenicity. The isolate CNU111042 was able to cause discoloration and weak blight in pumpkin seeds. We attempted to check the pathogenicity of this isolate in seeds of other cucurbits such as bottle gourd. The isolate produced weak disease in bottle gourd seeds as well. The germination percentage of these 2 seed types was reduced, and disease was observed in seedlings (Fig. 4) . The isolation procedure and the results of the pathogenicity tests indicated that the fungus might be endophytic and might act on cucurbits as a latent minor pathogen.
DISCUSSION
Molecular data have been proven to be useful in the differentiation of many Alternaria species and the genetic diversity study of inter-species and intra-species fungi. Phylogenetic analysis of ITS sequences of 7 toxin-producing Alternaria revealed that they formed a monophyletic group together with A. alternata isolates, which group could be clearly separated from the other morphologically distinct Alternaria species [24] . The morphologically similar species, A. radicina and A. carotiincultae were separated into 2 distinct lineages based on sequence analyses of genes including EF-1α, β-tubulin, and Alt a 1, and these results were consistent with those obtained using random amplified polymorphic DNA (RAPD) and inter-simple sequence repeat analysis [32] . Amplified fragment length polymorphism analysis previously revealed that genetic clusters among isolates of A. tenuissima and A. solani were revealed to be associated with the location of origin and the host plants, respectively [33, 34] . Molecular studies have demonstrated a clear distinction between large and small-spored Alternaria species which resulted in Alternaria species being classified into 6 genetic groups [22, 35, 36] .
However, there are many species that could not be differentiated based on molecular methods, most notably, the small-spored Alternaria species. Among 4 morphologically distinct species-groups of Alternaria isolates from pistachio, A. alternata and A. tenuissima species-group isolates could not be distinguished based on the combined data matrices of RAPD and polymerase chain reaction-restriction fragment length polymorphism analyses and the two species-groups and A. arborescence species-group comprised a monophyletic clade, in which the 3 species-groups could not be further resolved based on the results of ITS sequence analysis [37] . Phylogenetic analysis of several loci from small-spored Alternaria found no associations between phylogenetic lineages and hosts or geographic locations and strict congruence was not found between phylogenetic lineages and morphological characteristics among isolates grouped morphologically with A. alternata and A. tenuissima [38] . However, when Alternaria isolates were cultured and observed using defined conditions, the phenotypic plasticity could be minimized and valid taxonomic separations could be made based upon morphological characteristics [37, 39] . The standard conditions described by Simmons [3] are recommended for identification of Alternaria. Furthermore, use of appropriate molecular methods for species classification would permit the separation of Alternaria species [32] .
The Alternaria isolate described here was seed-borne and was isolated from Bangladesh pumpkin seeds. It produced unbranched, small-spored conidia in mediumnumber (2~10) chains (Figs. 2 and 3) . Phylogenetically, the species was closely related to A. longipes, as shown by the results of ITS sequencing. However, the isolate produced longer conidia and long secondary conidiophores, up to 60 μm, which was unlike what is observed in A. longipes [3] . Additionally, A. longipes produced dull-olive brown pigment on PDA media, where as pigment was absent in CNU111042 isolate. But ITS, Alt a 1 and gpd gene sequence analysis revealed similarities with related A. burnsii species. However, combined data analysis clearly demonstrated that the pumpkin seed isolate was previously reported as A. burnsii. Longitudinal septation of the new species was commonly 2 to 3 and in A. burnsii were 1~5 (Table 2) . Transverse septation of up to 11 were seen in the new isolate, whereas in A. tomaticola, a maximum of 6 transverse septation were observed. Based on these properties, it was clear that the fungus is Alternaria burnsii Uppal, Patel & Kamat isolated from a new host. PDA, potato dextrose agar.
